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PLATE  XX. 
The  cause  of  carcinoma--the  subtlest  of human  diseases  to-day 
--is  essentially  a  biological  problem,  the  attempted  solution  of 
which has  drawn out many wild guesses, not a  few misapplications 
of biological principles, and some good working hypotheses.  Stated 
in its simplest form, the problem is to find out what causes the con- 
tinued division of the epithelial cells of the tumor.  Albrecht, 1 writ- 
ing  of tumors,  quotes  Berkeley to  the  effect "  that  we  have  raised 
a  dust  and  then  complain  that  we cannot  see,"  and  uses  this  as  a 
text  to  undermine  the  various  theories  that  have  been  constructed 
to  explain  cancer.  But  Albrecht  by no  means  lays  the  dust  with 
his criticisms,  while his own hypothesis that a  tumor is only a newly 
developing organ which appears later in life than  the normal organs 
rather thickens the cloud by complicating the conceptions of normal 
development.  We  certainly  get  very little  new  light  on  the  cause 
of cancer by giving to the tumor another name or by looking at the 
abnormal  growth  as  a  whole;  attention  must,  rather,  be  focused 
upon  the  underlying  biological  phenomenon  of the  division  energy 
of the individual  cancer ceil. 
A  half century ago Virchow pointed out the necessity of studying 
the  single  cell  if  we  would  get  at  the  real  interpretation  of  vital 
phenomena  in  health  and  disease,  and  biologists  and  pathologists 
alike  at  the  present  day  recognize  and  act  upon  the  truth  of  this 
belief.  The  single  cell  is  the  center  of  cancer  growth;  it  is  the 
source of metastasis or of transplanted  tumor; it is capable of repro- 
ducing the disease, and, in short,  by its reproduction and life history 
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are  brought  about  the  biological  manifestations  which  are  inter- 
preted as morbid symptoms of malignant growths. 
Comparative physiology teaches that while all animals from man 
to  protozo6n  perform  the  same  vital  functions which  distinguish 
animals  from plants on the one hand and non-living things on the 
other,  the mechanism through which they are performed becomes 
more and more simple as we descend the  scale.  The complicated 
organs are replaced and the functions are equally well performed by 
simple organs or by mere tissues in the lower animals.  With such 
simplification in structure the single cells, while individually no larger 
than  the  single cells of  mammals, have  a  much more  generalized 
work to perform.  The few hundred cells of a  hydra or jelly fish, 
or the twenty-nine to thirty cells of a  dicyemid, without aggrega- 
tion into organs, perform amongst them all the functions of diges- 
tion, assimilation,  oxidation,  secretion, excretion and reproduction, 
functions which are performed by different organs  in  higher ani- 
mals.  Such  cells  are  generalized,  and  physiologically  are  much 
more perfectly balanced  than  are  the cells  of  kidney,  liver,  heart 
or brain.  Finally, amongst the protozoa, we find cells in which the 
physiological balance is  perfect,  for here,  in  the same protoplasm, 
are performed all  of the vital  functions which distinguish animate 
from inanimate things. 
The comparison, then, of a  single epithelial mammalian cell with 
a single free-living protozo6n, shows a  decided physiological super- 
iority of the latter,  since, capable of an independent existence, the 
protozo6n is a  much more perfect vital mechanism.  The epithelial 
cell is specialized for the performance of a  single function--not to 
the  exclusion  of  other  functions  for  of  course  it  is  living  proto- 
plasm,  but  this  one  function  predominates  over  all  others.  Its 
existence is maintained, its needs supplied, by the activity of other 
cells similarly specialized for some one function, and it is dependent 
therefore  upon  these  other  co-laborers.  The  measure  of  higher 
animal  development  is  the  degree  of  this  differentiation  and  the 
complexity  is  manifested  by  the  fact  that  these  diversified  and 
specialized cells are all coSrdinated for the good of the organism as 
a  whole.  The development of one group of cells is restrained and 
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and differentiation find their highest expression in those organisms 
having the most specialized cells. 
In every type of animal there is a  more or less well defined ces- 
sation of growth when the definitive type is reached.  This perfect 
type development is  the goal  to  which  every fertilized egg tends, 
and  to  reach  it  the egg,  and  the  fertilized protozoSn  as  well,  are 
endowed  with  a  certain  potential  of  division  energy.  When  the 
perfect organism  is  attained  the  individual  cells  cease to  multiply 
and their activities are now directed towards the one physiological 
object  for  which  they  are  specialized;  division  is  resumed  only 
when some external cause, such as a  wound or other injury, starts 
up the inhibited development, while even this power of multiplica- 
tion and regeneration is lost to some types of physiologically unbal- 
anced tissue cells. 
Of all ceils of the higher animals the epithelial group retain  the 
more perfectly balanced  functions longer than  those  of  any other 
cell type.  Here for example belong the covering cells of the body, 
those of the Malpighian  layer of the skin,  retaining their division 
energy throughout  the life  of the  organism,  and  here belong  the 
germ ceils with  their potential  of  endless  existence.  But  even  in 
this  group  of  the  epithelial  cells  the  potential  of  division  energy 
varies, and in the highly specialized and physiologically unbalanced 
secreting cells it is early exhausted. 
It is in the vital manifestations of these cells of the body that we 
must look for the cause of carcinoma.  Here in the dividing cell is 
the seat of malignant growths, and here in the re-animation of the 
latent  division  energy is  the real  cause of  from five to  six  deaths 
from cancer in every hundred deaths  from all  causes. 
The carcinoma cell biologically is  a  perfect vital mechanism.  It 
is no longer an epithelial cell; it has become changed from such a 
physiologically unbalanced unit,  subject to the co6rdinating control 
and regulation of the organism, into a physiologically balanced cell, 
uncontrolled and unregulated. 
Structurally the carcinoma cell differs from the functioning epi- 
thelial  cell  type;  it  is  relatively larger;  its  nucleus is  larger,  both 
relatively and  absolutely to  the  cell  body, and  a  reticulated proto- 
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ing  cell.  Functionally  the  carcinoma cell  is  a  more perfect  type 
than its orderly colleagues of the epithelium.  It takes in and assim- 
ilates  abundance of  food,  grows rapidly,  especially when near  the 
immediate source of food, that is,  at the growing edge, and repro- 
duces its kind through the same complicated processes of mitosis that 
characterize  free  living  cells.  In  short,  it  is  a  complete  animal 
organism in itself, simulating in many ways the parasitic protozo6n, 
but differing in some of the most important respects connected with 
the continued life of the latter. 
The long-continued transplantation of the Jensen tumor in mice, 
the  fact that  each new transplantation  results  in  the  formation of 
a  mass of cancer cells derived from the transplanted cells, and this 
l~ow through  nearly one  hundred  generations  of  transplantations, 
indicates that the cancer cells are somehow endowed with the possi- 
bility of an  indefinitely continued existence.  It  is,  therefore,  dif- 
ferent from any animal organism that we know,  either among the 
simply constructed protozoa,  or among the more highly organized 
metazoa,  for  in  all  such  cases,  indefinitely continued protoplasmic 
existence is  bound  up  with phenomena of  fertilization  and  inheri- 
tance quite as subtle and as difficult to analyze as vitality itself.  The 
cancer cell,  so  far as  we know, undergoes no processes  analogous 
to  fertilization.  The observations of Farmer,  Moore and  \Valker  2 
on  heterotypical mitosis  in  cancer cells  indicate only evidences of 
the  degenerative changes which the majority of  cancer cells must 
undergo., since it is impossible  for all  of the products  of prolifera- 
tion  to  find  nutriment  in  the  host  organism,  or  to  escape  from 
its  protective  reactions.  Cytologists,  furthermore,  are  constantly 
demonstrating that heterotypical mitosis  is  only a  condition which 
may  be  assumed  by  cells  under  abnormal  treatment.  Haecker,  ~ 
for  example,  has  shown  that  normal  somatic  division  figures  are 
transformed into heterotypical mitoses by treatment with ether and 
other poisons,  and Miss  Bonnevie  4 has recently shown that hetero- 
typical mitoses are common enough in normally developing cells of 
various  animals  and  plants.  This  type  of  mitosis,  therefore,  has 
nothing to do with the present problem as  evidence at  least of the 
Farmer, Moore  and Walker, Proc.  Roy.  Soc.,  19o3, lxxii, 499. 
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cause of cancer.  The  further  observations of Farmer,  Moore and 
Walker as to a  reduced number  of chromosomes in cancer cells are 
better explained along the lines early pointed out by Hansemann,  as 
due to abnormalities  brought  about  by deranged  mitotic  figures  in 
degenerating  cells.  So,  too,  the  so-called  " fertilization"  of  an 
epithelial  cell  by  another  epithelial  cell,  or  by  a  leucocyte,  main- 
tained  by the  English  observers,  may  be  easily  disproved  by  any 
one  who  takes  the  trouble  to  follow  out  the  history  of  invading 
cells  which  are  frequently  found  in  cancer  tissue.  Such  invaders 
disintegrate  and  ultimately  break  down  into  particles  which,  since 
the  beginning  of  cancer  research,  have  been  variously  interpreted 
as  eoccidia,  as  amceba~,  as  "X"-bodies,  or  as  " cancer  cell  inclu- 
sions "  of one type or another. 
Long  continued  observations  on  free  living  cells,  such  as  the 
protozoa, have shown that periods of activity alternate  with periods 
of depression  of vitality  in  more  or  less  regular  rhythmic  change. 
Diagrams  I  and  Ia  represent  the  life  histories  of  two  species  of 
ciliated  protozoa,  Paramecium  aurelia  and  O.r3,tricha  fallax,  the 
former  as  worked  out  by  Calkins, ~ the  latter  by  Woodruff,  6  the 
variations in the curves indicating rhythmic variations  in the vitality 
of the protoplasm under observation.  The regularly recurring deep 
depressions  in the Paramecium curve represent  the periods of com- 
plete exhaustion  of the division energy, an  exhaustion  overcome by 
the  use  of  artificial  stimulants.  Such  studies  have  proved  the 
unquestionable  variability  of  vitality  in  these  free  living  forms. 
In  certain  embryonic  cells,  moreover,  a  more  or  less  similar 
rhythm  in  development  has  been  noted  by  a  nmnber  of  different 
observers.  In  this  connection  Wilson  says:  ".  during  the 
cleavage,  the  individual  blastomeres  are  often  found  to  exhibit 
entirely  different  rhythms  of  division,  periods  of  active  division 
being succeeded by long pauses, and  sometimes by an  entire  cessa- 
tion of division even at a very early period. ''7 
With  their  balanced  physiological activities  similar  to those  of a 
protozo6n,  we  might  expect  alternating  periods  of  depression  and 
Calkins, G.  N., Jour.  of Exper.  Zool.,  I9o4, i,  423. 
e Woodruff, L.  L., Jour.  of Exper.  Zool.,  19o5, ii, 585. 
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of greater activity in the protoplasm of cancer cells.  Although  the 
evidence is difficult to analyze because of the many factors involved 
in  the  relations  of transplanted  cells and  new  hosts,  there  is  a  cer- 
tain amount of evidence to show that alternations  of depression and 
vigor are characteristic of these cancer cells, but whether such alter- 
nations are due to variations  in the division-energy or to something 
else remains  to  be proved. 
The  evidence for this  alternation  of depression  and  vigor  in  the 
cancer  cell  is  constantly  growing.  Bashford,  Murray  and  Boyen 
have  plotted  curves based  upon  the  percentages  of  takes  for  ordi- 
nates and the length  of time  for tumors to grow to the inoculating 
point  for  abscissas.  Such  curves  show  alternations  or  waves  of 
growth and the authors argue that  they indicate rhythms of growth 
energy of the cancer cells. 
Such an  interpretation,  however,  cannot  be readily granted.  In 
the first place, the rhythms  of growth,  to be comparable with those 
of a  free living,  or of  a  cleavage cell,  should  be looked  for  in  the 
individual  mouse  and  not  in  successive  batches  of  mice.  In  the 
second place a curve such as Bashford, Murray and Bowen  s present, 
introduces  two  distinct  factors,  one  is  the  percentage  of  "takes" 
on transplantation  which  I  will call the  " infectivity"  of the cancer 
cells, the other is the time  factor in development of a  tumor.  It is 
this  time  factor  which  really  measures  the  growth  energy  of  the 
cells, the length  of time required  for a  tumor to develop indicating 
roughly  the  rate of  division  of the  cells.  With  the  statistical  evi- 
dence at hand these two factors may be compared,  and the compar- 
ison  shows that  something  besides the  growth  energy  is  involved 
in  what  is  usually  regarded  as  the  "malignity"  of  cancer  cells. 
The accompanying diagram illustrates the point I  wish to bring out. 
In  this  diagram  the  one  curve  (continuous  line)  represents  the 
variations in infectiveness of one of the Buffalo Laboratory tumors, 
known  as the  Brooklyn tumor;  the  other curve  (broken  line)  indi- 
cates  the  number  of  days  required  for  development  to  the  point 
necessary to kill the inoculated mice.  Each curve is based on aver- 
ages of all mice involved in the successive transplantations,  and  the 
points  obtained  in  each  curve  represent  common  transplantations, 
so  that  percentage of  takes  and  length  of  time  refer  to  the  same 
Bashford,  Murray and  Bowen,  Proc. Roy..7oc.,  I9o6, B,  lxxviii,  195. Gary  N.  Calkins.  291 
cancer cells.  For example in Period Number 4 the tumor cells upon 
inoculation  in a  large batch of mice gave  tumors  in  39  per cent.  of 
the  mice;  a  large  number  of  these  (I7)  died  from  the  tumor,  the 
average  length  of time  required  being  sixty-six  days.  Here,  then, 
is a  means  of measuring  the relative  growth  energy  of  the  cancer 
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cells at different periods and a  corresponding measure of the infec- 
tiveness of the  same  cells.  The  curve  shows that  the  two  factors 
are by no means equivalent and that too much is assumed in choos- 
ing the percentage  of takes  as the measure of growth  energy.  At 
the  outset  and  in  the  early  transplantations  there  is,  it  is  true,  a 
definite relation between the energy of growth  and  the  infectivity: 
the  number  of  days  required  falls  steadily  and  the  percentage  of 
takes rises  just as steadily, but after  the  tumor  is  fully established 
the  relationship  apparently  disappears  and  the  two  curves  behave 
differently, the infectivity remaining  high  on the average and  quite 
independent of the growth energy as represented by the time factor. 
The waves of growth described by Bashford, Murray and Boyen are 
here shown by the regularly recurring alternations of infectivity, and 
not in the line showing growth energy. 9  It is the  factor of infec- 
tivity,  therefore,  which  Bashford,  Murray  and  Boyen  have  inter- 
preted  as  the  factor of  growth  energy.  It  is  this  factor  in  trans- 
planted cancer that runs in rhythms in successive batches and not the 
growth energy alone.  The  same phenomenon  of contrast  is shown 
in a curve (Plate XX)  for our Brooklyn tumor similar to that which 
the  English  pathologists  give for  the  Jensen  tumor  as  observed in 
their laboratory.  For this curve the percentages of "takes" are used 
for  the  ordinates  and  the  number  of  days  required  for  the  tumor 
to  grow  to  the  inoculating  point,  for  the  abscissas.  The  several 
points  on  the  curve  marked  with  letters  and  numbers  indicate  the 
successive transplantations  of  the  tumor  cells.  The  relative  time 
of  development  is  shown  by  the  length  of  the  lines  between  the 
points,  while  the  successive waves represent  the  rhythmic  alterna- 
tion  of  the  infectivity.  This  curve  has  the  appearance  of  being 
stretched  out at the ends  and  concentrated  in  the middle,  a  feature 
demonstrating  the  same  phenomenon  as  the  double  curve  in  Dia- 
gram  2.  It  is  based  upon  somewhat  different  statistics,  the  ab- 
scissas  representing  the number of days from inoculation  to inocu- 
lation  instead  of  from  inoculation  to  death  of  the  mice  inoculated 
as  in  Diagram  2.  The  longer  lines  at  the beginning  and  the  end 
9The  minor fluctuations in  the  line showing growth-energy, although  quite 
regular  in  this series, are  so small as  to  fall  within the  limits of  error.  In 
similar curves for other  tumors this regularity  is  not  evident, while the  char- 
acteristic rhythms shown in  the  curve of  infectivity are  similar to  those here 
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of the curve show comparatively long periods of growth, i.  e., rela- 
tively  little  growth  energy,  while  in  the  center  the  shorter  lines 
mark  a  more  rapid  growth.  After  the  initial  period  of  the  first 
three or four inoculations the percentage of takes rises and remains 
high  quite regardless of the variations  in number  of days required, 
i. e., regardless of the growth energy.  The same rhythms noted by 
Bashford,  Murray  and  Boyen are  evident here,  sometimes  concen- 
trated,  at  other  times  drawn  out  according,  to  the  changing  ab- 
scissas. 
The  tumor  upon  which  this  diagram  is based was treated  as all 
of our tumor material  for transplantation  is treated  and  a  descrip- 
tion  of the  process  will  give the  basis  of  our belief in  the  specific 
division energy of the  individual  cancer cells.  The original  tumor 
cells,  and  all  succeeding tumors,  were ground  up in  a  mortar  with 
a  given  volume  of  salt  solution.  The  connective  tissue  strands 
were  removed  by raking,  and  uniform  doses  of  one  half  a  cubic 
centimeter  were  introduced  subcutaneously  into  each  mouse  of  a 
series. 
This  method  of  transplantation  means  that  the  cancer  cells  are 
separated as far as possible from one another which gives a  greater 
chance  for  individual  cells  to  respond,  or,  on  the  other  hand,  to 
be acted upon by the protective factors of the host.  Their response, 
that  is,  the  tumor  which  develops,  is,  perhaps,  a  better  indication 
of the division energy of the cells than  if a  large piece of the cancer 
tissue  is  introduced.  The  rate  of  growth  of  similar  amounts  of 
such  cancer  cells  inoculated  at  successive  transplantations  of  the 
tumor,  gives  a  reasonably  accurate  measure  of  the  relative  infec- 
tivity of the cancer cells at different periods,  and  this  variable may 
be charted. 
Transplantation  (I)  of  the  primary  tumor  was  made  :May  30, 
19o5, the cancer mush being put into 28 mice.  None of these died 
inside of ten days, while 5, or 18 per cent., developed tumors.  One 
tumor  suitable  for  transplantation  developed  in  75  days,  while  2 
of  the  cancer  mice  died.  This  tumor  (2)  was  similarly  teased 
and  the  cancer  mush  inoculated  in  the  regular  dosages,  into  3 ° 
mice,  of  which  3  died  inside  of  ten  days  and  3,  or  II  per  cent., 
developed tumors.  One of these tumors (3 a)  was ready for further 
inoculation  in  53  days;  a  second  (3 b)  and  a  third  were  ready  in 294  Rhythms  of  Growth-Energy  in  Mouse  Cancer. 
66 days.  These in turn  were inoculated  into different lots of mice 
of  the  fourth  transplantation  series,  that  lot  inoculated  with  3a 
giving  33  per cent.  of  takes,  and  that  from  3b giving  25  per cent. 
The tumors  from this second lot were used  for further  transplanta- 
tions,  the  former  for experiments  and  are  therefore  unsuitable  for 
the  present  discussion.  The  mouse  tumor  designated  3b,  giving 
25  per  cent.  of  takes  upon  reqnoculation,  developed  four  tumors 
which  were  ready  for  transplantation  in  39,  51 ,  53  and  64  days, 
and they were inoculated  in different batches of mice of the  fourth 
series. 
With the three  transplantations  which  had  been made up to this 
point the cancer cells had been growing  from  I8o to 2oo days, and 
in this time there is a  noticeable shortening  of the period of devel- 
opment  from  75  days  after  the  first  transplantation  to  39  days  in 
the  case of  4a,  and  53  days  in  4b.  The  increasing  percentage  of 
takes,  combined  with  the  shortening  of  the  time  of  development, 
indicates  that  the  cancer  cells  were  becoming  accustomed  to  the 
soil,  to  use Bashford's  expressive term,  of  the different  host  mice, 
and  were  gaining  strength  with  each  new  transplantation.  That 
they were  not  yet perfectly  adapted,  however,  is  indicated  by  the 
fact that  the tumors  which  developed upon  the  fourth  transplanta- 
tion were not equally established,  some dying out altogether within 
two  subsequent  transplantations,  while  others  gave  rise  to  highly 
virulent cancers.  Thus 4c inoculated into a batch of mice produced 
only  I8 per cent.  of takes  (sb),  and  these  required  41  days, while 
the  same  strain  upon  re-inoculation  into  the  sixth  series,  produced 
only 4 per cent., after which the strain died out entirely.  Tumor 4b 
had a more remarkable history for some of its cells were apparently 
endowed with a  very high,  and others with a  very low, potential  of 
vitality.  This  tumor,  upon  inoculation  into  the  fifth  series,  pro- 
duced only  15  per cent.  of takes  (5f),  a  marked  decrease, but one 
of the tumors  which  developed in  a  short period  of 23  days  (5f), 
gave rise to a  most malignant  strain  running  up to  ioo per cent.  of 
takes  in  the  twelfth  transplantation  (I2a),  while  another  tumor 
(5 c)  from  the  same  source  (4b)  required  64  days  and  was  com- 
paratively  feeble,  for,  upon  re-inoculation  into  the  sixth  series,  it 
gave  only 4  per  cent.  of  takes.  It  is  seen,  therefore,  that  at  this 
early period  of transplantation,  the  same tumor  may give rise  to a Gary  N.  Calkins.  295 
highly virulent  strain,  or to a  weak strain,  showing that  the  cancer 
cells are not fully adapted to new soils.  Of course there are always 
two  factors  to  take  into  consideration,  one  is  the  division  energy 
of the cancer cells, the other,  the natural  resistance of the host into 
which such cells are inoculated.  It is not improbable that the batch 
of mice into  which  4b was transplanted  had  a  relatively  high  pro- 
tective reaction,  so that  the division  energy of the  cells as  a  whole 
was restrained,  but the  rapid  growth  of  5f shows that  here  was  a 
mouse in  which  no  such  restraint  was manifest,  the  natural  resist- 
ance must have been weak or else the particular  nutritive conditions 
must have been suitable,  for the cancer cells acquired a  high  poten- 
tial  of activity.  Tumor mouse 4d must  have been similar  to 5f in 
this  respect,  for  the  same cancer  cells  upon  re-inoculation  into  the 
"d  ,  fifth  series,  now gave 8o per cent.  of  takes  (~  ,e)  as  against  15 
per cent., and in periods ranging  from 34 to 42 days. 
The  further history of the Brooklyn tumor is the working out of 
these two lines of development, one from 4d, the other from J,  and 
in both strains  the characteristic  rise and  fall in rhythmic change  is 
well  shown  in  the  curve.  The  high  percentage  of  takes  from  4d 
is continued  in the next transplantation,  5d alone being used as the 
others  were taken  for experiments.  This  tumor,  upon  inoculation 
in  the  sixth  series,  gave 77 per cent.  of  takes  in  the  short  periods 
of  25  (6b  and  c)  and  43  (6a)  days.  After  this,  however,  the 
infectivity  declined  for  these  tumors  upon  inoculation  into  the 
seventh  series,  yielded only 5o per cent. (7  b) and  33 per cent.  (7  a) 
in  33  and  36 days,  respectively.  The  latter  (7  a)  upon  re-inocula- 
tion, however, shot up again  to 8o per cent.  in the eighth  series and 
in 26 days, thus marking  a  definite rhythm. 
The history  of tumor  5f is  more interesting  and  is  marked  by a 
series  of  rapid  growths  and  by a  gradually  increasing  percentage 
of takes.  It  was transplanted  into  9  mice,  of which  2  died  in  ten 
days, while in the others 2, or 28 per cent., developed tumors.  One 
of  these  died  from  the  cancer;  another  (6c)  had  a  transplantable 
tumor in  18 days, and this,  when transplanted  into 2o mice, yielded 
65  per cent.  in  2o,  39  and  8o days.  In  the  latter  case  (7  d)  there 
is  considerable  evidence to  show  that  the  tumor  was  held  back by 
the  resistance  of  the  mouse  host,  for  the  malignancy  of  the  same 
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fact that  7  d, when  transplanted  into  a  new batch,  gave  rise  to  77 
per cent. of takes and all within 28 days  (8b, c). 
At  this  period  in  the  history  the  curve  becomes  complicated 
through the converging of lines but they all show a certain optimum 
of development followed by a  fall and this by a  renewal of growth. 
The  tumor  7  c is a  good average  example;  this,  when  transpIanted 
into series eight gave 88 per cent. of takes, some (8c and 8x)  in 2I 
days, one  (8b)  in  15 days and one  (8x)  in 26 days.  None of the 
mice  inoculated  died  within  ten  days.  The  history  of  this  set  of 
tumors varies somewhat in the different cases; in some the division 
energy  of  the  cancer  cells  decreased  immediately,  in  another  it 
decreased only after the  following transplantation.  Following out 
the history of 8c, we see from the diagram that, upon re-inoculation 
into a  fresh batch of  I I  mice, none died within ten days while 7, or 
80 per cent., developed cancer,  9d, in  13  days, 9 e in 24, two others 
in  38  , and  two in  41  days.  Many of these  were used  for  experi- 
ments,  but two of the rapidly  growing ones were transplanted  (9  d 
and 9e).  In both cases there was a marked decrease in the division 
energy  of  the  cancer  cells:  9 d,  which  had  developed  very  rapidly 
(13 days), was transplanted  into 6 mice of Series  IO, one of which 
died within ten days, while only two tumors,  or 33 per cent., devel- 
oped, these requiring  25  days.  One of these two  (Ioe),  upon  re- 
inoculation into  fresh mice of Series I I, gave rise to 6I  per cent. of 
tumors,  two  of which  (IIf  and  I Ig)  were  used  for  experiments, 
the first developed in 29 days, the second in 77. 
Turning  back  to  9 d,  which  had  the  same  ancestry  as  9 e,  there 
is the same evidence of depression in the energy of the cancer cells 
coming  from  8c.  Tumor  9d  was  transplanted  into  16  mice,  of 
which 6  died within ten days, while 66 per cent.  developed tumors, 
of which the greater  number were used  for experiments,  all  devel- 
oping within 31  days.  One  (Ioa)  was used for further transplant- 
ing into Series  I I ; it was ready for inoculation in  19 days, and was 
put  into  26  mice  of  Series  ii.  Of  these  4  died  within  IO  days, 
while  IO,  or 43  per cent.,  developed cancers,  IiC  in  18,  I Ia  in  3 ° 
days.  I Ia was inoculated into IO mice, of which 8, or 80 per cent., 
developed tumors.  Its  history,  therefore,  is  identical  with  that  of 
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the same lull in the division energy and the same recovery, and the 
same rhythm  in infecting power. 
All  of the  tumors  described  are  to  be traced  back  to  tumor  8c, 
which came  from the cancer cells in  7  c.  A  very similar  history  is 
shown in the case of tumors coming from 8b, likewise derived from 
7  c.  Here  again  the  general  result  is  a  high  percentage  of  takes 
with  short  periods  of  growth,  or  in  general,  a  high  virulence  of 
the  cancer  cells.  8b  was  developed and  ready  for  transplantation 
in  15  days when  it was put into  20 mice of the ninth  series;  none 
of these died within  ten  days, while  I8,  or 9 °  per cent.,  developed 
tumors,  many being used  for  experiments  of  one kind  or another, 
while four were transplanted  into batches of the tenth  series.  The 
periods  of  development  of  the  13  tumors  were  for  the  most  part 
relatively  short;  9 a  and  9  x  requiring  only  I4  days,  two others  I8 
days, 9 b and 9 c, 20 days, three others 23, others 3  o, 34 and 44 days, 
respectively.  Of thes~ 9 a, 9 b and  9 c were used  for  further  trans- 
plantation  and  their  histories  are  remarkably  similar.  9 a,  when 
inoculated into mice of the tenth series  (iod),  gave 75 per cent.  of 
tumors  which  required  from  25  to  4 °  days  to  develop,  and  these 
tumors were used  for experiments.  9b, when transplanted,  gave a 
small percentage  (43 per cent.)  of takes  (Iof).  There was, there- 
fore, a well marked decline in the division energy of the cancer cells 
and the one tumor required 28 days to develop and this, when trans- 
planted  into another batch of mice, caused their death  inside of ten 
days.  Of this ninth  series, the tumor marked 9c was the most suc- 
cessful and  also the  most  remarkable;  it  was  transplanted  into  3 ° 
mice of the tenth series, of which 3  died within ten days, while 20, 
or 80 per cent., developed cancer in  from  14 to 27 days, all rapidly 
growing  tumors,  two  of  which  (lob  and  IOC) are  given  in  the 
curve, the  former developing in  14 days, the latter  in 20.  Each of 
these  tumors,  when  transplanted  into  new  lots  of  mice  of  the 
eleventh series, gave reduced percentages of takes.  Tumor  lob fell 
to 62  per cent.,  IIb  and  IOC to  7  °  per cent.  The  progeny of  IOC 
were used  for  experiments,  while  lob  was used  for  further  trans- 
plantation.  It was put into 24 mice of the eleventh series, of which 
none  died,  while  15,  or 62 per cent.,  developed tumors  as  follows: 
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32  days,  respectively.  Of  these  tumors  only  IIb  and  IId  were 
used for further transplantation,  the others going into experiments. 
Here, however,  IIb is of especial interest,  for upon inoculation into 
6 mice of Series twelve, IOO per cent. developed tumors  (i2a).  Of 
these,  one  recovered  spontaneously,  while  the  others,  when  inocu- 
lard  into  new  batches  of  mice,  caused  the  death  of  all  the  latter 
within  ten  days  (?).  This  malignant  strain  was  thus  brought  to 
a  speedy end. 
The  other  strain  from  lob,  carried  in  mouse  I Id,  had  a  better 
fate.  It was  a  more slowly growing tumor,  requiring  25  days to 
develop.  This  tumor,  upon  transplantation  in  16  mice  of  Series 
twelve,  gave  rise  to  94  per  cent.  of  takes  in  from  20  to  28  days. 
Most of the  resulting  tumors  were used  for  different purposes  but 
one,  I2b,  which  required  25  days,  was  again  transplanted  into  3 ° 
mice  of  Series  I3,  one  of  which  died  and  65  per  cent.  developed 
cancer  in  periods varying  from  12,  14,  18,  23  and  31 , to 94 days. 
Most of these were not  followed up,  one only,  13,  which  required 
31  days,  was  transplanted  into  8  mice  of  the  fourteenth  series, 
giving 66 per cent.  in long periods of development (56 to 69 days). 
Anyone who  follows  through  these  tedious  details  will  see that 
the  cancer  cells contained  in  the  tumor-bearing  mouse,  7 c,  all  had 
the same history of high  proliferative energy followed by a  decline. 
In all cases followed out,  this decline is  followed by a  sharp  rise in 
division  energy  and  in  the  percentages  of  takes.  Sister  cells  of 
tumor 7 c formed the tumor in 7 d, but required a much longei" period 
(80  days)  to  develop.  Although  slower,  these  tumor  cells  had  a 
high  potential  of  division  energy,  as  shown  by  the  fact  of  high 
percentages  and  quick periods in the eighth  and  ninth  series.  The 
tenth  series,  like  the  tenth  series  in  the  allied  strain,  brought  a 
decline,  thus  marking  for  this  strain  a  similar  rhythm  of  growth 
energy. 
The  further  history  of  the  transplantations  needs  no  special 
analysis;  as  the  curve clearly shows,  there is a  continuation  of the 
rhythms  of  infectivity,  the  average  of  which  remains  high,  while 
the time element becomes much longer, until  the curve now has the 
aspect of having been pulled out at the ends and concentrated  in the 
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It  is  hardly  conceivable that  this  rhythmic development of  the 
cancer cells is only artificial, due, that is, to  the fact of inoculation 
into particularly susceptible mice, of which, according to Bashford, 
young mice offer the  best  examples.  Such  an  explanation  might 
be  satisfactory  for  one  or  two  instances  of  the phenomenon,  but 
recurring regularly as  it  does,  the  phenomenon probably  signifies 
something fundamental.  In  a  developing embryo the rhythms of 
growth energy of the individual cells do not indicate a  cessation of 
growth  for the organism as  a  whole,  for while some of  the  cells 
are  resting  others  are  dividing  and  developing.  The  energy  of 
growth is applied sometimes in this sometimes in that group of cells. 
In  cancer, however, there is  only the one type of cells to  develop, 
and appearing in different batches of mice the phenomenon cannot 
be attributed to the source of nutriment of the cancer cells, but must 
be  looked  for in  the cells themselves.  As previously stated  these 
cells  must  be  regarded  as  complete  organisms,  satisfying  all  of 
their physiological needs through their own physiologically balanced 
activities.  The source of the alternating rhythms must, therefore, 
be  sought  in  the  cells.  In  other and  possibly analogous  cases  of 
complete cellular organisms the cause of the alternating periods  is 
looked for in the variations of the physiological activities.  Thus in 
the Paramecium experiments already mentioned, high  division  en- 
ergy of the individual cells is followed by a gradually lowering rate 
of division until it is reduced to nil.  At such periods of depression 
it  was  found that the cells could not reduce the 'highly stable  con- 
dition of the protoplasm  to  a  more labile condition, and that  they 
evidently lacked the power of oxidation,  or of  forming the oxida- 
tive  enzymes.  This  condition  was  relieved by  the  use  of  certain 
salts  acting  as  stimuli;  by  them  the  labile  condition  was  refistab- 
lished and divisions in  rhythmic waves of vigor again ensued  (see 
Diagram  I ). 
In the Paramecium cycle there was nothing to interrupt the divid- 
ing activity of the organisms save the ordinary course of vitality. 
With the cancer cells there is always the struggle to maintain an ex- 
istence against what must be adverse conditions.  The division en- 
ergy of the cells is retarded by such conditions, a  result best shown 
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adapted to the strange soil.  The same phenomenon is manifest in 
the culture of Paramecium,  a  few days being required for the cells 
to become adapted  to  the culture medium.  They seem to  survive 
well enough in the medium, but they do not divide with such regu- 
larity during the first few days as afterwards when well established. 
The difference is  due to the density of the fluid medium in  which 
the organism finds itself rather than to any change in  food.  And 
so  it  may be with the cancer cells;  they have the  same source of 
food  in  the  new  mouse  to  which  they  are  transplanted,  but  the 
environment is a  little different and it requires some time for them 
to get started.  Once started, however, there seems to be but little 
change  in  their  potential  of  infectivity,  although  the  periods  of 
development differ to some considerable extent, the difference prob- 
ably being due to  the protective reactions on  the part  of  the host 
mice.  This  is  shown  well  in  Diagram  2,  where  the  periods  of 
development in  days  are contrasted with  the percentages of  takes 
in  the  different transplantations  from  start  of  the  tumor  to  the 
present.  The  plotted  curve  shows  that  as  the  number  of  days 
required  for  development in  the  successive periods  decreases,  the 
percentage of takes increases with great regularity, until, when once 
established, it is maintained regardless, apparently, of the length of 
time required for development.  This fact indicates that the cancer 
cells are endowed with a  like power of infection, but that the host 
animals  exert  a  retarding  influence upon  their  development.  All 
cancer cells cannot be expected to develop, hence it is  too much to 
expect Ioo per cent. of takes all the time; those cells maintain their 
existence which  are  endowed  in  the parent  tumor  with  the  most 
advantageous  equipment  for growth.  This  is  not  to  be  expected 
in  imperfect cells, or in  degenerated cells, but  in  those having the 
full  complement of  cell  organs,  normal  number  of  chromosomes, 
division  energy and  the  like.  The  success  of  such  cells  may be 
compared with that of the gametocytes of the malaria  organisms; 
these are endowed with some property through which they are able 
to  withstand  the  digestive  fluids  of  the  mosquito's  gut,  while  all 
other  forms of the malaria  organisms are  digested.  So  with  the 
cancer cells those persist which have the proper attributes and these 
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Is  there  any  evidence  to  indicate  the  nature  of  these  particular 
attributes ? 
The  cancer cell gets  its nourishment  as do other  epithelial  cells; 
there  is  little  evidence  to  support  the  belief  of  Ehrlich  that  they 
make use of a  specific Nahrsubstan~, although  they are undoubtedly 
so modified as to take up more nourishment.  They are  bathed  by 
the  same  fluids,  and  are  subject to  the  same  general  conditions  of 
metabolism  as  other  epithelial  cells.  Other  epithelial  cells,  how- 
ever, do not multiply beyond the limits of organic regulation;  these 
cells  do  and  they  are  cancer  cells  because  of  this  power.  Other 
normal  epithelial  cells,  beyond  one  or  two  divisions,  do  not  mul- 
tiply  upon  transplantation  into  other  mice.  The  cancer  problem, 
therefore,  has to  do with  the  specific attribute  which  distinguishes 
the cancer  cells  from these  other  epithelial  cells,  and  we are  again 
brought back  to the  question--what  is  the  origin  or  source of the 
stimulus  which  causes  this  infectivity  combined  with  the  increase 
of  the  division  energy?  The  conditions  of  the  environment  of 
cancer cells in new batches of mice cannot account  for the stimulus 
to  continued  development  in  successive  transplantations;  if  this 
were true the percentage of takes and  rapidity  of growth would be 
quite as  extensive  oi1  the  first  transplantation  as  in  the  later  ones. 
This,  also,  would be the  anticipated  result  if  the  cancer  cells  have 
that  vigor  of  growth  which  should  accompany  them  if  they  were 
embryonic  tissue  cells,  or  cells  recently  stimulated  by  some  initial 
stimulus,  or  cells  recently  fertilized.  The  cancer  cells  must  carry 
with them the sources of their stimuli, and these stimuli must be the 
same,  both in the primary tumor and  in the continued  development 
of  that  tumor's  cells,  for we cannot  conceive that  each  new  batch 
of mice into which the cancer cells are transplanted provide the same 
identical  physiological  conditions  as  those  of  the  first  mouse  in 
which  the  cancer  was  a  primary  tumor.  Furthermore  we  cannot 
conceive  any  reason, why,  if  the  proper  physiological  conditions 
were present,  there  should  be rhythmic  variations  in  their  produc- 
tion  in different sets of mice,  hence  the conclusion  seems inevitable 
that  the  source  of  the  stimulus  to  development  is  within  or  asso- 
ciated  with the cancer cell  itself. 
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condition of affairs.  The  favorite hypothesis of the medical pro- 
fession,--the  Cohnheim  theory  of  embryonic  tissue  rests  as  the 
cause of  cancer, cannot stand  the biological test.  Leaving out  of 
consideration that  entirely unexplained set  of  questions having  to 
do with the position and conditions of such cells during the periods 
of growth and maturity, the cancer cells, after the tumor is started, 
have none of the attributes peculiar to embryonic cells.  Mere power 
of  proliferation  is  not  a  sufficient characteristic,  while the  funda- 
mental characteristics of embryonic tissue  cells are usually entirely 
ignored  by  the  advocates  of  this  theory.  These  conditions  are 
somewhat more subtle than  are the ordinary manifestations of vi- 
tality, but they are none the less  potent.  I  refer to  the properties 
which  all  embryonic  cells  have  of  differentiation  combined  with 
cogrdination and self-regulation.  Cancer cells have none of these; 
there  is  no  evidence  of  differentiation  although  mountains  of 
mouse  tissue  have  been  grown  from  the  cell  progeny  of  the 
original Jensen mouse.  The absence of any regulation and of all 
co6rdination  and  of adaptation  to  the needs  of  an  organism  as  a 
whole which is  the goal  of all  embryonic cells,  is  evidence against 
the hypothesis.  All  of these  factors are characteristics of  embry- 
onic cells, and to the biologist they are the most important and the 
most  characteristic.  No  theory  of  embryonic  tissue  satisfies  the 
conditions of increased vitality and vigor of growth shown by this 
Jensen tumor, and we must look in other directions for its origin. 
Nor can the tumor origin be traced to  any detached cell, which, 
freed from its supporting and regulating membrana propria,  starts 
off on an independent career of lawless development.  This theory 
of  Ribbert postulates  the metamorphosis  of an ordinary epithelial 
cell  into  a  parasite  endowed with  a  potential  of  indefinite vitality 
and development.  It does not account for the origin of the stimu- 
lus to the latent division energy, much less does it account for the 
perpetuation  of  that  stimulus.  Here,  too,  lies  the  difficulty with 
the theory of chemical stimulation which Marchand has elaborated. 
There is no evidence that an initial  stimulus can continue to  act in 
this direction indefinitely, the impetus given soon wears off, and the 
gradually  increasing  vigor  of  a  tumor  like  that  of  the  Brooklyn 
mouse, is evidence quite strong enough to indicate that the stimulus, 
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The evidence, finally, as I  interpret it,  shows that the cancer cell 
carries  with  it  into  each new mouse  into  which  it  is  transplanted 
its  own  stimulus  to  division.  Furthermore this  stimulus  presum- 
ably issues  from a  foreign organism rather than  from an  integral 
part of its  own protoplasm,  or  from a  product of its  own metabo- 
lism; the very definition of a  stimulus  involves the idea of an  ex- 
ternal origin.  We are thus driven back by these considerations and 
by the facts of infectivity as  shown above,  to  the last  resort  of a 
biologist  or  pathologist,  viz.,  to  the  suggestion  that  the  cause  of 
the division energy lies  in the stimulating  poison from some self- 
contained and ordinarily invisible micro-organism whose rhythmical 
variations in vitality may, possibly,  account for the rhytl~mic varia- 
tions in infectivity. 
In  this  connection  we  find  one  of  the  very  few  analogues  of 
cancer  cell  growth,  the  formation  of  a  vegetable  gall  where  the 
latent  division  energy of  the plant  cells  is  stimulated  to  renewed 
activity by a  poison  secreted by an  insect.  As  often pointed  out, 
however, this is only a  far-fetched analogy, for the stimulus comes 
to an end, and the division  energy wears off.  A  more significant 
case is the formation of tumors on the roots of certain plants  like 
the cabbage and its allies.  Here, in club root, the parenchyma cells 
of the root are entered by a  minute protozoan  parasite.  The  or- 
ganism multiplies in the cell protoplasm, which reacts to the stimu- 
lus of the parasite's presence, and divides.  The division is repeated 
until  great tumors  are  formed, parasite  and  protoplasm  meantime 
living amicably together in symbiosis. 
As all attempts to explain the cause of cancer must at the present 
time be of the nature of tentative or working hypotheses, the sug- 
gestion  of  an  ultra-microscopic  or  unrecognized  organism  is  not 
out  of  place,  the  value  of  an  hypothesis  being  measured  by  the 
number of phenomena which it  accounts  for.  The old arguments 
in  favor of the parasite theory of cancer, familiar to everyone con- 
versant with the subject, apply in the present case.  Cage infection, 
early noted by Borrel,  observed by Giard,  Ligni~res,  Michaelis,  in 
the Buffalo laboratory,  etc.,  finds its  interpretation in  such  an  hy- 
pothesis.  The infectivity of cancer cells, a  phenomenon by which 
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way, is added evidence which finds a  counterpart in the tumors of. 
club-root  type.  Contrasted  with  these  are  tumors  like  vegetable 
galls, certain benign tumors and embryonic tumors of man, in all of 
which there is a  well-defined division energy of the cells  involved, 
but  no  infectivity on  the part  of these cells.  In  club  root and  in 
cancer, division or growth energy is accompanied by clearly defined 
infectiveness.  In club root infectivity is due to a contained parasite, 
and  the  growth  energy  is  attributed  to  the  stimulus  from  that 
parasite. 
In  cancer  we  have  found  no  parasite  confined  exclusively  to 
cancer tissue, but analysis of the growth energy and the phenomena 
of transplantation give evidence to show that infectivity and divis- 
ion energy of the cancer cells are not one and the same thing and 
that  each has its  own  variations.  The growth energy or  division 
energy of  the  cancer cells,  measured by  the  periods  required  for 
growth  in  successive  batches  of  mice,  affords  no  evidence  of 
rhythmic development such as we find in  embryonic cleavage cells 
or in free living organisms like the protozoa; there is,  in all proba- 
bility,  such a  rhythmic growth but  it  must  take place in  the indi- 
vidual mouse if at all.  The infectivity, however, shows a  regular 
rhythm  which  cannot  be  attributed  to  the  reactions  of  mice  in 
batches  or  lots  of  varying  number,  but  this  periodicity  may  be 
explained  as  the regular  variations  in  vitality,  similar to  those of 
paramecium, oxytricha or tillina of a  parasitic organism. 
Many  parasites  have  been  assigned  to  the  human  cancer  cells. 
Protozoa  of  all  types have been  held  responsible by  one  or  more 
investigators, but in no case have the claims been made good.  The 
various morphological products of epithelial or blood cells that have 
been called parasites have served only to weaken the hypothesis of 
the parasitic origin of cancer, which, with its power of indefinitely 
continued proliferation is a  very different thing,  biologically,  from 
a  benign tumor. 
It  is  certainly conceivable that  a  parasite  of cancer may be too 
minute to be seen with the technique at our disposal.  At the present 
time  we know  a  great deal  about  the  yellow fever organism;  we 
know the period of incubation it  requires in the human blood;  we 
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the body of a  mosquito before the latter is able to transmit  the dis- 
ease; we know that  the disease cannot be transmitted  in  any other 
way, and  yet, knowing  all  of these things,  the organism  of yellow 
fever has  never  been  seen.  It  will  pass  through  the  finest  filters, 
and  belongs,  therefore,  to  a  group  which  we  must  perforce,  until 
they  are  actually  seen,  consider  as  ultra-microscopic  organisms. 
Such parasites might be adapted to life in the epithelial  cell as well 
as the organisms of club root are, and there in the protoplasm might 
easily be overlooked.  It has been suggested that a  species of Spiro- 
chceta is responsible for yellow fever, and spiroch~etes have actually 
been seen  in  the  kidney of yellow fever victims.  But  they appar- 
ently  do  not  exist  as  such  in  the  blood  or  in  the  mosquito.  We 
know nothing  about the life history of the spiroch~etes as a  group; 
if it is analogous to the life history of most protozoa we might well 
look for stages in which it is of ultra-microscopic size. 
We  continually  find  spirochmtes  in  mouse  cancer  and  it  is  not 
improbable that  we attach  too little  importance  to them.  We find 
furthermore  a  certain  relation  between the virulence of mouse can- 
cer and the numbers of spiral organisms present;  in highly virulent 
strains the tissues are infested with the parasites and it is not beyond 
reason to assume that the rapid death of batches of mice inoculated 
with  virulent  cancer  cells  is  due  to  these  spiroch~etes.  Nor  is  it 
inconceivable that the parasites  increase the susceptibility or prepare 
the  soil,  so to  speak,  in  a  new  host  for the  growth  of  the  cancer 
cells.  On  the  other  hand,  the  same  or  a  very similar  spirochaete 
is found in mice not infected with cancer, a  fact which weakens any 
theory  that  the  spirochaete  is  the  direct  cause  of  cancer,  although 
the  fact is not fatal to such a  theory.  A  more serious objection is 
that  no  spiroch~etes  are  found  in  human  cancer,  but  the  objection 
might  be met  with  the  argument  that  spiroch~etes  may have  been 
present at the outset to prepare the soil and  to provide the stimulus 
to the potential  dividing energy;  furthermore,  we do not know that 
human cancer is transplantable.  The rhythms of infectivity, finally, 
may be due to the variations  in vitality of these spiroch~etes. 306  Rhythms  of  Growth-Energy  in,  Mouse  Cancer. 
SUMMARY. 
In  conclusion  we  may  summarize  the  above biological  observa- 
tions  in a  series of theses as  follows: 
I.  Cancer  cells  differ from  other  epithelial  cells  in  respect  to: 
(a)  Size relations  of nucleus  and  cell  body;  (b)  power of  indefi- 
nitely continued  division. 
2.  Cancer  cells  differ  from  embryonic  cells  in  absence  of:  (a) 
power  of  differentiation;  (b)  power  of  coSrdination  of  parts  to 
whole;  (c)  power of self-regulation  and  limit  of growth. 
3.  The continued development of the cancer cells is subject to the 
following  factors:  (a)  the  inherent  potential  of  division  of  the 
cancer cells.  (b)  The natural  resistance of the inoculated animals. 
The latter  factor is usually regarded  as the index of malignancy  of 
a  tumor and is based upon the percentage of takes together with the 
period required  to kill the mice.  Our experiments,  however,  show 
that  the percentage  of takes  is  independent  of the time  factor,  and 
indicate the  presence  of  a  third  factor  which  may be described  as 
(c)  the potential of "infectivity "  of the cancer cells. 
4.  The potential  of infectivity of cancer cells is characterized  by 
more  or  less  regular  rhythms;  these  must  be  distinguished  from 
rhythms  of  growth  energy  of  the  cancer  cells  which  in  all  proba- 
bility  occur  within  the  individual  mouse.  ,Without  the  division 
energy  of  the  cancer  cell  this  infectivity  is  inoperative,  hence  it 
follows that  the  cause of  the  infectivity lies within  the  cancer  cell 
or is constantly associated with it. 
5.  Cancer cells differ from epithelial cells by virtue of this poten- 
tial  of  infectivity  combined  with  that  of  division  energy.  There 
is  reason  to  believe that  the  latter  is  due  to  the  action  of  stimuli 
and not to the liberation of a  restrained growth power of embryonic 
tissue.  There  is  reason  to  doubt  that  an  initial  and  discontinued 
stimulus  is  responsible  for  these  attributes  of  the  cancer  cells. 
Certain benign tumors,  or vegetable galls,  may be due to the action 
of such initial  stimuli,  but in them  there  is no infectivity.  Embry- 
onic  tumors,  due to  embryonic cells,  have  a  high  power  of  differ- 
entiation  combined with their division energy, but there is no infec- 
tivity.  Infectivity distinguishes  all cancerous growths from normal 
epithelium  and  from benign tumors or teratomata. Gary  N.  Calkins.  307 
6.  The  rhythms  of  infectivity  of  cancer  cells,  erroneously  re- 
garded  as  rhythms  of  growth  energy  by  Bashford,  Murray  and 
Boyen, appearing as they do in successive batches of mice which we 
may  legitimately  assume  to  have  like  powers  of  resistance,  must 
have their  cause in  the cancer cells themselves.  These  cells, there- 
fore, must be equivalent to parasites,  or else parasites  are contained 
within or associated with them. 
7.  Upon  any  other  hypothesis  it  is  difficult  to  conceive of  cells 
creating  a  continual  stimulus  to  their  own  growth  energy,  and  it 
is still  more difficult to explain  the  rhythms  of  infectivity. 
8.  Many lines of evidence point to the presence of some possible 
organism  within  the  cancer  cell;  some  organism  which,  acting  as 
does Plasmodiophora  brassicce within  vegetable cells,  underlies  the 
infectivity of  cancer cells and  provides the  stimulus  for  their  con- 
tinued  proliferation.  Upon  such  an  assumption  the  numerous 
cases of cage infection find their  explanation. 
9.  The  various  inclusions  of  the  cancer  cell  which  have  been 
described  as  organisms  have  been  disproved;  yet  the  analog)-  of 
club root and  the  many  filter  experiments  show  that  the  cause  of 
infection may lie within the cancer cell.  It is conceivable that,  like 
the  yellow  fever organism,  such  an  incitant  may  be in  the  proto- 
plasm and beyond our powers with the microscope to locate. 
IO.  The  spiroch~etes which we have  found in mouse cancer may 
have  something  to  do  with  this  infectivity  of  cancer  cells.  They 
may  be  useful  in  preparing  the  "soil"  in  new  mouse  hosts  and 
making it susceptible to cell growth;  or they may have intracellular 
stages in  their  life history  which  are  too minute  to be seen.  The 
rhythms of infectivity, finally, may be an expression of the vitality 
of  these  spiroch~etes  or  of the  hypothetical  ultra-microscopical  or- 
ganisms  accompanying cancer cells. 